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Project Fact Sheet 

DEVELOPMENT OF COST-EFFECTIVE LOW-
PERMEABILITY CERAMIC AND REFRACTORY 
COMPONENTS FOR ALUMINUM MELTING 
AND CASTING 

The project will develop optimized ceramics and refractory components with low 
permeability to gases for applications involving low-pressure casting and contact 
with molten aluminum. The work will focus on the development of improved 
coatings, functionally graded materials, and monolithics that will hold gas 
pressure. Other requirements include enhanced combinations of properties, 
including resistance to thermal shock, erosion, corrosion, and wetting. When 
these materials are successfully deployed in aluminum smelting and casting 
operations, their superior performance and durability will enable end users to 
achieve marked improvements in uptime, defect reduction, scrap/rework costs, 
and overall energy savings. 

BENEFITS 

APPLICATIONS 

Enhancement of the pressure-holding 

capacity of fused silica tubes and their 

implementation in aluminum melting and 

casting can lead to 

Significant energy benefits and 

Produce results that will also enhance 

the performance of refractories in the 

aluminum, glass, and chemical 

industries. 

Improved ceramic and refractory 

components from this program will be 

applicable to many industries. 

Aluminum and Metalcasting: Melting 

and casting of aluminum and its 

alloys. 

Chemical and Petrochemical: 

Improved corrosion resistance to 

enhance performance of several types 

of chemical reactors. 

Glass: Potential for enabling oxy-fuel 

firing. 

IMPROVED CERAMICS AND REFRACTORIES WILL IMPROVE 

LOW-PRESSURE ALUMINUM METAL-CASTING PROCESSES 

Photo of nozzle surface melted 
using ORNL high-intensity IR lamp 

Pyrotek fused-silica tube SEM photo of melted surface 
20 µm1 in. 



Project Description 

Goal: The focus of this project is to develop and validate new classes of cost-
effective low-permeability ceramic and refractory components for handling 
molten aluminum in both smelting and casting environments. The primary goal 
is to develop materials and methods for sealing surface porosity in thermal-
shock-resistant ceramic refractories, which will also include the evaluation of 
molonilthics used in the low-pressure casting of aluminum. 

Issues: The major issue for this project is for the ceramic/refractory to hold gas 
pressure in the delivery tubes for aluminum metalcasting. The issue is related to 
porosity, which can be closed by either a surface modification or changes in the 
bulk refractory chemistry. Both approaches will be evaluated in this project. 

Approach: 
The approach includes 
– Understanding the failure mode of refractory tubes in molten aluminum, 
– Characterizing of the porosity in delivery tubes, 
– Evaluating monolithic tube materials, 
– Developing and optimizing the surface modification process to close the 

porosity, and 
– Choosing a refractory powder blend that minimizes the porosity. 

Potential payoff: 
– More efficient melting and casting of aluminum alloys. 
– Improved chemical and glass manufacturing processes. 
– Reduced scrap and downtime. 

Progress and Milestones 

Complete characterization of currently produced refractory aluminum 

delivery tubes.

Complete studies of surface modifications using high-density infrared 

processing facility.

Complete formulating bulk compositions for full densification.

Evaluate monolithic materials.

Complete testing of prototype components in low-pressure aluminum 

metalcasting production conditions.
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